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FOREWORD

The work described here was done at the Atomics International
Division of Rockwell International Corporation, under the direction
of the Space Nuclear Systems Division, a joint AEC-NASA office,
Project management was provided by NASA-Lewis Research Center

and the AEC-SNAP Project Office.

DISTRIBUTION

This report has been distributed according to the category
"'Systems for Nuclear Auxiliary Power (SNAP) Reactor — SNAP
Program,' as given in the Standard Distribution for Classified
Scientific and Technical Reports, M-3679, and according to the
NASA Supplementary Report Distribution List at the end of this

report,
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ABSTRACT

A digital computer code was developed to simulate the time-
dependent behavior of the 5-kwe Reactor Thermoelectric System,
The code was used to determine lifetime sensitivity coefficients
for a number of system design parameters, such as thermoelec-
tric module efficiency and degradation rate, radiator absorptivity
and emissivity, fuel element barrier defect constant, beginning-
of-life reactivity, etc, A probability distribution (mean and
standard deviation) was estimated for each of these design param-
eters, Then, error analysis was used to obtain a probability
distribution for the system lifetime (mean = 7,7 years, standard
deviation = 1.1 years)., From this, the probability that the system
will achieve the design goal of 5 years lifetime is 0.993. This
value represents an estimate of the degradation reliability of the

system,
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I. INTRODUCTION

The objectives of the studies described here were threefold:

1)

Develop a model to predict the performance of the 5-kwe Reactor
Thermoelectric (TE) System over its operating lifetime, from the
start of full power operation until, through component degradation, the
system is no longer capable of producing the required power level of

5 kwe, Use the model to determine the lifetime behavior of the system

as it is nominally expected to perform in the flight environment,

Use the system model to determine lifetime sensitivity coefficients
[(BL/L)/(8X/X)] for each of the key designparameters affecting system
performance., These coefficients allow the various component per-
formance parameters to be ranked in the order of their influence on
system lifetime, and thus provide a basis for allocating design margins
and for allocating development effort toward those items which are

most critical to mission success,

Determine a numerical estimate of the degradation reliability of the
system, A probability distribution is estimated for each parameter
for which a lifetime sensitivity coefficient has been determined. Using
the law of propagation of errors, the mean system lifetime is deter-
mined, as well as the standard deviation in system lifetime, From
these data, the probability that the system will fail in the degradation
mode (i, e., will not, due to component degradation, achieve its design
lifetime of 5 years) is calculated, One minus this failure probability
is the system reliability, considering only the degradation modes of
tailure., The overall system reliability, of course, must include the
catastrophic failure modes as well, Catastrophic failure is not treated

in this report,
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II. DESCRIPTION OF MODEL

A, SUMMARY DESCRIPTION OF SYSTEM AND MODEL

The 5-kwe Reactor Thermoelectric System is designed to provide electric
power in a space environment for 5 years, Thermal power is generated by the
reactor, and transferred to the primary loop NaK coolant., Thermoelectric
modules convert this thermal power to electrical power. The electrical power
is used to drive the electromagnetic (EM) NaK pumps for both the primary and
secondary loops, and to provide 5 kwe at the spacecraft mating interface, The
secondary NaK loop and the radiator provide heat rejection capability for the

system, A schematic of the system is shown in Figure 1,

The system model was developed from the digital computer models used to
analyze each system component, and is subdivided into a power conversion sys-
tem (PCS) model and a reactor model, The overall model is schematically
illustrated in Figure 2, During nominal operation, the temperatures throughout
the system increase, to compensate for degradation (particularly of the thermo-
electric modules), and thus produce a constant 5 kwe of power, The end of sys-
tem lite occurs when 5 kwe tan mo longer be produced. In the present model,
this may happen in one of two ways. Either the reactivity of the reactor becomes
zero, or module degradation becomes so large that the required power cannot be

produced, no matter how high the system temperatures are elevated,

B. POWER CONVERSION SYSTEM MODEL

The PCS model used in this study, called SYSTEM, is described in detail in
Reference 1. The components modeled are: (1) the TE power modules, (2) the
TE pump modules, (3) the radiator, (4) the primary and secondary NaK pumps,
and (5) the primary and secondary loop piping. The radiator model is multinode,
whereas all other components are single node. The model utilizes temperature-
dependent power and pump TE module degradation of both efficiency and power

per module,

The SYSTEM code starts by performing a system heat balance to determine
beginning-of-life (BOL) temperatures around both primary and secondary loops.
Also determined are the primary and secondary flow rates, and the reactor

thermal power required, Then, a time step is taken, time- and temperature-

AI-AEC-13098
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dependent degradation is computed, and another heat balance is performed,

This procedure is repeated until a given time has elapsed, or until the system
can no longer produce the required power of 5 kwe. Thus, a time-dependent
history of system temperatures, reactor power, and coolant flow rates is ob-
tained. This part of the model assumes that the reactor can supply any thermal
power level required, at any reactor outlet temperature required by the system.
The "'system'' end of life (EOL) occurs when the module degradation is so large
that no value of reactor power or outlet temperature will result in 5 kwe output.
Figure 3 shows, for the nominal system, reactor outlet temperature and reactor
AT as a function of time, The system EOL, shown as a dashed line, occurs at

8.8 years.

C., REACTOR MODEL

The reactor model used in these studies is based on the parametric reactor

analysis code ZIP.( 2)

It models the hot fuel element and the average fuel ele-
ment in the reactor in 11 axial nodes, and determines time-dependent fuel tem-
peratures, fuel swelling, and hydrogen leakage from the fuel, These are based
on the time-dependent reactor power and inlet and outlet temperatures calculated
previously by the SYSTEM subroutine. The reactor model then does a reactivity
lifetime calculation, in which all reactivity losses (due to such factors as hydro-
gen leakage, fission product buildup, uranium burnout, xenon-135, etc.) are sub-
tracted from the initial BOL excess reactivity, In this manner, the reactivity

EOL is determined. For the nominal case, the reactivity EOL occurs at 7.7 years

(see Figure 3). As will be shown later, either type of EOL may occur first,

A source program listing of the reactor subroutine and the control program
is given in the appendix. A listing of the SYSTEM subroutine is given in Refer-

ence 1,
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I1l. ANALYSES PERFORMED

A, LIFETIME BEHAVIOR OF NOMINAL SYSTEM

The overall system model was first used to determine the behavior of the
base-case reactor TE system when operated at 5 kwe., Some of the key system
parameters for this case are given in Table 1, Note that sufficient margin is
available to provide a lifetime of 7,7 years, 2.7 years above the required 5, At

this point, reactivity is zero, and the reactor outlet temperature is 1248° F,

TABLE 1
BASE-CASE CHARACTERISTICS

Parameter N _V;alue at )
BOL | 5 years | 7.7 years

Reactor

Outlet Temperature (° F) 1122 1170 1248

AT (° F) 83.3 89.4 99.9

Power (kwt) 90,2 96.2 106.8
Thermoelectric Module

Hot Cladding Temperature (°F) 1069 1113 1188

Cold Cladding Temperature(°F)| 494 510 536

Power Module Degradation 0.000 0.051 0.1061

Power Module Efficiency (%) 6.65 6.24 5.63
Hot Reactivity ($) 2.27 1.33 0.00
Hydrogen Loss ($) 0.00 0.47 0.93

The first parametric study undertaken was to investigate the lifetime be-
havior of the nominal system when operated at power levels other than the re-
quired 5,0 kwe, The results of this study are illustrated in Figure 4, which
shows time-dependent reactor outlet temperature for power levels between
4.8 and 5.3 kwe., Also shown in this figure is a dashed line, representing the
set of points at which reactivity is zero, The same information is shown in

Figure 5, which is a cross plot of the data of Figure 4, Note that, for powers

AT-AEC-13098
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TABLE 2
THERMOELECTRIC MODULE SENSITIVITY COEFFICIENTS

. Base Sensii.:i\.rity R:s?llllzfng
Variable Value | (a1t o) | 1 5-year
Lifetime
Power Modules
Power per Module (Normalized) 1.0 +3.4 0.920
Module Efficiency (Normalized) 1,0 +4.8 0.930
Degradation Rate (fraction/year) | 0.010 -0.30 0,019
Pump Modules
Power per Module (Normalized) 1.0 -0.54 1.68
Module Efficiency (Normalized) 1,0 +0.63 0.62
Degradation Rate (fraction/year) | 0,014 -0.001 Large
TABLE 3
RADIATOR SENSITIVITY COEFFICIENTS
A Value
P | oComitcient | Repaltin
Lifetime
Emissivity 0.91 +5.3 0.85
Solar Absorptivity 0,40 -0.27 0.93
Fin-Tube Thermal Bond
Resistance (°F) 2 -0,039 17.2
Radiator Dimensional
Tolerance Factor
(Normalized) 1,0 +3,2 0.87

AI-AEC-13098
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below 5.15 kwe, reactivity EOL is the limiting parameter, Above 5,15 kwe,

system EOL is limiting, From this study it was determined that:

1) System lifetime is sensitive to electric power demand at a rate of

1,3 years/0,1 kwe

2) The nominal lifetime margin of 2,7 years would be used up, if the

system were operated at a power of 5,19 kwe,

B, DETERMINATION OF LIFETIME SENSITIVITY COEFFICIENTS

A number of key design variables were selected for sensitivity coefficient
determination, and the system model was run to obtain each coefficient, In
many cases, two off-nominal values were run for a given variable, where it was
suspected that the lifetime-vs-variable curve was nonlinear, In these cases, one

off-nominal point was selected on each side of the nominal point,

The results of the lifetime sensitivity coefficient study are shownin Tables 2

through 5, and in Figure 5,

Table 2 lists the variables associated with the thermoelectric power and
pump modules that were selected for coefficient determination, These are the
electrical power produced by a module for a given hot cladding and cold cladding
temperature, the module efficiency for a given hot and cold cladding temperature,
and the module degradation rate per year at an average temperature of 1085° F,
Note that the power module parameters are much more critical than the pump
module parameters, For example, reducing the power module efficiency {DY 7%
(while holding all other parameters at their nominal values) results in reducing

the nominal 7,7-year lifetime to the required 5,0-year value,.

Figure 6 shows the strong influence of power module degradation rate on
reactor outlet temperature., Virtually all of the PCS performance degradation
over lifetime results from power module degradation (TE module degradation,

in the model used here, applies both to power per module and module efficiency).

Table 3 lists the key radiator parameters and their sensitivity coefficients.
Also given is the value of each parameter which would result in a 5.0-year life-
time (while holding all other parameters at their nominal values, From this
table, it may be seen that the emissivity of the radiator surface is a critical

parameter,

AI-AEC-13098
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TABLE 4

PUMP ELECTROMAGNETIC AND LOOP
HYDRAULIC COEFFICIENTS

Base PR

Parameter Value (L/L)/(8X/X)
Primary Pump Throat
Magnet Field Strength (G) 2380 +0,008
Secondary Pump Throat
Magnet Field Strength (G) 2380 +0,005
Electrical Resistance of
Pump Bus and Braze
Joint (Normalized) 1.0 +0,013
Primary Loop Hydraulic
Resistance 0.03576 -0.01
Secondary Loop Hydraulic
Resistance 0.1519 -0.004

TABLE 5

REACTOR SENSITIVITY COEFFICIENTS

Variable

Barrier Defect Constant,
AD (Fractional area of
defects)

Fuel-Cladding Gap at
BOL (mils)

Hot BOL Reactivity ($)
Reactivity Loss Rate,

Excluding Hydrogen Loss
($/year)

Base

Value

Sensitivity Resulting

Coefficient

Value [(BL/L)/(3X/X)] in 5-year

Lifetime

0.0015

12
2,27

0.17

-0.16 0.0064
-0,034 Large
2,28 0.94

-3.19 0.36

AI-AEC-13098
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Table 4 lists the parameters selected for sensitivity coefficient analysis in
the pump electromagnetics and loop hydraulics areas. Since the coefficients for
all these variables are small, no column was entered showing the value resulting

in a 5-year life,

Table 5 lists the key reactor variables selected for coefficient determination,
From this table, it may be seen that the BOL fuel-cladding gap has a weak in-
fluence on lifetime, but that BOL reactivity and the nuclear reactivity loss rate
are important, Here, the nuclear reactivity loss rate includes uranium burnout

and fission product buildup.

C. DEGRADATION RELIABILITY OF SYSTEM

In general, reliability prediction is accomplished by: (1) construction of an
analytical model to represent the system, (2) determination of the necessary
physical constants, failure rates, and probability distributions required for in-
put to the model, and (3) performing a calculation with the model to find the
probability that the system will not fail prior to achieving its design objective
(in this case, producing 5 kwe for 5 years)., This overall success probability is,

by definition, the predicted reliability of the system,

The standard approach to the problem of reliability prediction is the use of
a probability tree to characterize all failure mechanisms for each individual
component of the system., The separate trees for each component are then inte-
grated into an overall system tree, to obtain a system reliability prediction, A
quantitative success probability estimate is obtained for each block at the base
level of the tree, and these probabilities are combined appropriately, through
and-gates and or-gates, to determine the success probability at each higher
level. An illustrative example of a probability tree for the pump is shown in Fig-
ure 7, The probability tree is an adequate model to represent the catastrophic

failure mechanisms whereby the system fails suddenly.

For degradation modes of system failure, in which the loss of performance
is gradual, and may or may not cause failure, the probability tree is not suffi-
cient, This is particularly true for interactive modes of performance degrada-
tion; for example, degradation of the radiator emissivity coating results in in-
creased system temperatures, which then results in increased degradation of

power module efficiency. To properly account for degradational failure modes,

AI-AEC-13098
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TABLE 6

COMBINATION OF UNCERTAINTIES

Variable

Barrier Defect Constant, Ap
Fuel-Cladding Gap at BOL (mils)

Hot Reactivity at BOL ($)

Reactivity Loss Rate — Nuclear ($/year)

Radiator Emissivity

Emissivity Degradation Rate (fraction/year)
Solar Absorptivity

Absorptivity Degradation Rate (fraction/year)
Fin-Tube Bond Thermal Resistance (° F)
Bond Degradation Rate (°F/year)

Radiator Dimensional Tolerance

Pump Magnet Field (G)
Primary
Secondary
Magnet Degradation (fraction/year)
Primary
Secondary

Pump Bus and Braze Joint Electrical
Resistance

Resistance Degradation Rate (fraction/year)
Hydraulic Resistance
Primary Loop

Secondary Loop

-0.04

0.05
1.0

2380
2380

0.03
0.03

1.0
0.005

0.0358
0.1519

Root-Sum-Square Combination of 0_ .. 's
Life

c"Va.riable

0,00037
1,75
0.25
0.06

0.011
0,001
0.05
0.02
0.1
0,02
0.0024

15
15

0.01
0.01

0.04
0.0017

0.0021
0.0076

AI-AEC-13098
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OLife
(years)
0.30
0.07
0.37
0.74

0.46
0.14
0.26
0.12
0.02
0,02
0.06

0.004
0.001

0.007
0.015

0.050
0.005

0.040
0.003

1.1 year



the system model described in this report is used. Specifically, a probability
distribution is estimated for each of the key system performance parameters
affecting system lifetime, For each such parameter, a lifetime sensitivity coef-
ficient is calculated, using the system performance model, as previously dis-

(3)

cussed, Then, the law of propagation of errors is used to obtain an estimate
of the probability distribution associated with the system lifetime. From the
mean and standard deviation of this distribution, the probability of not achieving
the design lifetime due to excessive degradation may be determined. Degradation

reliability is simply one minus the degradation failure probability,

Table 6 lists each of the key parameters, gives the expected mean value of
each, and the estimated one-standard-deviation uncertainty in each., The ap-
propriate sensitivity coefficients are then used to obtain the final column of
Table 6, the lifetime uncertainty due to the expected uncertainty in the given
parameter, Finally, root-sum-square combination of the lifetimne uncertainties
results in a standard deviation in the overall lifetime of 1,1 years. In conjunc-
tion with the mean lifetime estimate of 7,7 years, this implies a system degrada-
tion reliability of 0,993,

Note that the TE module performance parameters are not included in Table 6,
and thus do not contribute to the degradation reliability value given., The justifi-
cation for this omission is that the modules are still under development, and the
exact level of their performance and the uncertainty in this performance, after
completion of the development program, is virtually impossible to estimate at
this time. Therefore, it was assumed that the development program will, as a
minimum, achieve its current performance goals, which would result in module
performance as good as, or better than, that used in the system model, Thus,
the system degradation reliability quoted will be achieved or exceeded, if the TE

module development program is successful,
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IV. CONCLUSIONS

The principal conclusion of these studies is that the current reference 5-kwe
Reactor Thermoelectric System is estimated to have a mean lifetime of 7,7 £ 1,1
years, which implies a degradation reliability of 0.993 and therefore a 0.7%
probability of not achieving the design lifetime of 5 years, Although this esti-
mate is approximate, its accuracy appears adequate for the current conceptual
design phase, Further, the degree of overall design margin implied by this
estimate appears to be adequate, and no design changes are recommended at

this time,
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CONTRL

100$6VR, 3YSTEM

11033VRs REX

1203LTB, INTRP2

1308LJB,BNDHZR

140 INTEGER NCACIO)

150 REAL EP@WER(21)

160 REAL T@UTLT(21!),PREACT(21),C2REDT(21)
170 REAL THOTCL(21)>,TCBLCL(21)

180 REAL EFFPEM(21),DGRPEM(21])

190 REAL EFFPMM(21),DGRPMM(21)

200 REAL TAVRAD(21),PRADTR(21),DTRADT(21)
210 REAL TINLET(21),RHGBC21)

220& ,H3L(21),SNAME(3O)

230 REAL XDATA(50,10)

240 REAL DUMMY(25)

250%, THETCP(21), TCOLCP(21)

260&, TYME(21),VBLTAG(21)

270&,BASE(35)

280 CoMM@N DUMDUM(933)>, JTIDUMC4)

290 DATA SNAME/™S1%,*S2",'S3",'"54","585",""S6",
300& ST, MSBY, SS9, "SI0, 'S, S12,"S13.,
3104& "S14","S15","S16","S17",""S18","519",520"
320& 27S21%, 522,823,524 5,525,526, "S2 7, S28Y, 529", 'S30”
330& /

340 80 CEBNTINUE

350C BEGIN SUPER-L@@P,T«E., NEW FILE CASE.

360 PRINT, *>"N&. CASES,CASE ID NUMBERS".,t*
370 READ(50,),NCASES, (NCA(J)»dJ = 1,NCASES)
380 D¢ 82 J = 1,NCASES

390 JG = NCACJ)

400C TRANSFERS THE DATA FROM FJILE INT@® PRZGRAm
410 CALL B@PENF (1, SNAME (JG))

420 READ(C1,)sNVAR, (XDATA(T,Jd)> T = 1,NVAR)
430 CALL CL@SEF(1)

440 82 COGNTINUE
450C GIVES NAMES T® FILE DATA.VARIABLES "PSMPPM” THRGUGH 'RDIMTL"
460C ARE EXPLAJINED JIN *"SYSTEM®" ROGUTINE.

470 D@ 83 M = 1,NCASES
480 POMPPM = XDATA(1,M)
490 PBMEFF = XDATA(Z2,M)
500 PEGMDGB = XDATA(3,M)
510 PMMPPM = XDATA(4.M)
520 PMMEFF = XDATA(S.,M)
530 PMMDGB = XDATA(6.M)
540 PTFSIN = XDATA(T,M)
550 PTFSDG = XDATA(8,M)
560 STFSIN = XDATA(9,M)
570 STFSDG = XDATA(C]0,M)
580 PBUSIN = XDATA(l11,M)
590 PBUSDG = XDATAC(12,M)
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CZNTRL COBNTINUED

XDATACI3, M)
XDATA(l 4, M)
XDATA(CIS5,M)
XDATAC16,M)
XDATACI 7. M)
XDATA(18.,M)
XDATA(C19,M)

600 PPIPFH
610 SPIPFH
620 REMMIN
630 REMMDG
640 RABSIN
650 RABSDG
660 RBNDIN

670 RBNDDG XDATA(CZ20,M)
680 RDIMTL XDATA(21, M)
690 NSTEPS XDATA(22,M)

700C MAX. NOG. BF TIME STEPS (EACH STEP=1/2 YEAR)

710 EPGWB = XDATA(23.,M)

720C ELECTRICAL PGWER (CONSTANT IN TIME)

730C “SYSTEM' WILL GJVE PGWER AS A TIME~-DEPENDENT VARJABLE.
740 KSYS=XDATA(31.,M)

750 NW@RD=XDATA(35,M)

760C KSYS=0/1~-QUANTITIES ARE TIME DEPENDENT/C@NSTANT

770C NW@RD IS ~-2/0/1=EXECUTES SYSTEM AND SAVES @GUTPUT F@R NEXT
780C REUTINE IN A FILE/EXECUTES SYSTEM/D@ES NGT EXECUTE SYSTEM
790C BUT READS THE FILE(FR8M PREVIBUS CASE) FOR THE NEXT ROUTINE.
800 D@ 81 N=24,30

810 NZ=N-23

820 DUMMY(NZ)> = XDATA(N,M)

830C EXPLAINED AT THE BEGINNING @F “REX"

840 81 CONTINUE

850 IF(KSYS«EQ.]«.BR.NWOZRD.EQ.}])E3TAG 30

860 LCNTRL = 2

870 CALL LINK(4,'OSYSTE'™)

880 CALL SYSTEM(P@MPPM.,

8904& P@MEFF., PGMDGB,EPBWB,

900& PMMPPM, PMMEF F , PMMDGB.,

91 0& PTFSIN.PTFSDG, STFSIN, STFSDG.PBUSIN, PBUSDG.,

920& PPJPFH, SPIPFH,

930& REMMIN, REMMDG, RABSIN, RABSDG, RBNDIN, RBNDDG, RDIMTL.,

9404 NSTEPS, LCNTRL, KCNTRL.,

950& EPOWER,VOLTAG,FINTIM,

96 0& T@UTLT., PREACT,C@REDT.,

9704 THOTCL, TCOLCL.,

980& THBTCP, TCBLCP,

990& EFFPOM, DGRP2ZM, EFFPMM, DGRPMM.

1000& TAVRAD, PRADTR, DTRADT)

1010C EXECUTES "SYSTEM"” AND PRAVIDES TIN,TOUT,CEBREDT,POWER AS
1020C FUNCTI®BNS OF TIME.

1030 PRINT 99, FINTIM

1040 99 FORMAT("FINTIM = ",F7.4)

1050 PRINT.,

1060 IF(NWORD.NE.-2)GOTE 30

1070 WRITE(2,3333),NSTEPS

1080 LIFE=NSTEPS+]

1090 WRITE(2,500),CTOGUTLT(I),CBREDT(J)»PREACT(TI),EPBWER(]I), I=],LIFE)
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CONTRL CONTINUED

1100 WRITE(2,600),FINTIM

1110 600 FORMAT(FI11l.4)

1120 500 FORMAT((4F11.4))

1130 3333 FBRMAT(I6)

1140 CALL CL@SEF(2)

1150C SAVES "SYSTEM'" GUTPUT FOR FUTURE USE (NW@ZRD=-2 HERE).

1160 30 CENTINUE

1170 JF(NWORD.NE.1)GOT® 700

1180 CALL G@PENF (3,"MORDAT'")

1190C READS THE FILE WITH 'SYSTEM'" @UTPUT FRGM SO@ME PREVIGUS RUN.
1200 READ(3,3333,ERR=66)>,NSTEPS

1210 LIFE=NSTEPS+I]

1220 READ(3,500,ERR=67), (TBUTLT(J),COGREDT(J ), PREACT(T),EPBWERC(]).,
1230& I=1,LIFE)

1240 READ(3,600,ERR=65),FINTIM

1250 G& TS 68

1260 66 PRINT, t2,'" ERROR IN NSTEPS READ", 2

1270 CALL EXIT

1280 67 PRINT,t2," ERRGR IN ARRAY READ', 12

1290 CALL EXIT

1300 65 PRINT, t2,"ERROR JN READING FINTIM", t2

1310 CALL EXIT

1320 68 CALL CL@SEF(3)

1330 700 CONTINUE

1340 DB 85 JTIME=l.,2]

1350 85 TYME(JTIME)=eS5*#FLOBAT(JTIME-1)

1360 LIFE=]+NSTEPS

1370 JF(KSYS«EQ«0)GGTO 35

1380C IF THE @PTIGN TG AVGID *“SYSTEM"™ HAS BEEN USED, J.E., IF
1390C QUANTITIES ARE CONSTANT JN TIME, T@UT, COREDT, REACTGR POWER
1400C ARE READ JIN FROM FILE WHICH SH@GULD PRGVIDE THEM.

1410 DB 10 J=1,LIFE

1420 TGUTLTC(T)=XDATA(32,M)

1430 CZREDT(I)=XDATA(33.M)

1440 PREACT(T3)=XDATA(34,M)

1450 10 EPOWER(I)=EPOYB

1460 35 CGBNTINUE

1470 D@ 84 J = 1,LIJIFE

1480 TINLET(J) = TBUTLT(J)-CEREDT(J)

1490 84 CONTINUE

1500 2300 FBRMATC " SYSTEM E 6 L IS ",F10.2)

1510 CALL LITINK(S5,"OREX")

1520C EXECUTES THE MAIN PART wr Tne PREGRAM. FINDS REACTOR

1530C CHARACTERISTJCS AS A FUNCTION BF TIME.

1540 CALL REX(TINLET,C@GREDT,PREACT,NSTEPS,RHG, TIMENDs; H3L, DUMMY)
1550 ZERG=0.

IS60 PRINT 2200, ZER@, TIMEND

1570 2200 FERMAT(C * TIME (WHEN REACTIVITY IS",Fl0el,s*" ) = “,F10.2)
1580 VALUE=1200

1590 NL@BC=0
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C@NTRL C@NTINUED

16060 TTEMP=FUNCTI(TGUTLT,TYME,21,VALUE,NL@C,2)

1616 PRINT 2100,VALUE, TTEMP

1620 23100 FBRMAT( ™ TIME (WHEN TOUTLT JS “sFl10.1," ) = *,
1630&F10.2)

1640 JF(KSYS.EQ«Q)PRINT 230C,FINTIM

1650 PRINT,

1660 PRINT 2000,
1670 2000 FBRMAT(2X,"TIME"™,2X,"KWE",3X,"TOUT",3X,"TIN",2X,"DEL T",

1680& 3X,"KWT",3X,*""RHB",3X,"$ HL')

1690 PRINT 2001, (TYME(L),EPGWER(L), TOUTLT(L), TINLET(L),COREDT(L).,
1700& PREACT(C(L),RHO(L),H3L(L),L = I,LIFE)
1710 2001 FBRMAT((FS5¢1,F7e2,216,2F72,2F642))

1720 PRINT,

1730 IF(KSYS+EQs]l «2R.NWORD.EQ.1)GBTE 40

1740 PRINT, t,"TIME THCL TCCL THCP TCCP PM EFF PM DEG PU EFF PU DEG"
§750 PRINT 2002, (TYME(I),TH@TCL(I),TCOBLCL(I),THATCP(I),TCBLCP(I),
176 04EFFPOM(T ), DGRPOBM(CI I, EFFPMM(T ), DGRPMM(TI ), I=]1,LIFE)

1770 2002 FORMAT((F4.1,415,4F8+4))

178G PRINT, t,"TIME VOBLTAGE TAVRAD DTRADT P RAD"

1790 PRINT 2400, (TYME(I)>,VBLTAG(TI)>, TAVRAD(I ), DTRADT(I),PRADTR(I).,
1800&J=1,LIFE)

1810 2400 FORMAT(

18204 (FA4e123XsF6e1,3XsF6e1,3XsF6e1,3%XsF6.2))

1830 40 CONTINUE

1840 PRINT, t,"S-FILE DATA"

1850C PRINTS BUT THE FILE THAT WAS USED.

1860 PRINT 2010, POMPPM,P@MEFF,POMDGE, PMMPPM, PMMEFF , PMMDGB,
1870&PTFSIN, PTFSDG, STFSIN, STFSDG, PBUSIN, PBUSDG, PPIPFH, SPIPFH,
1880&REMMIN, REMMDG, RABS I N, RABSDG, RBNDIN, RENDDG, RDIMTL, EPQWB.,
1890& CDUMMY(T),T=1,7),NSTEPS,KSYS,NW@RD

1900 2010 F@RMAT(/"PZMPPM *,F8.3," POMEFF ",F8.3,

1910&" POMDGB *,F83," PMMPPM ",FB8.3,/'"PMMEFF '",F843,

19204 PMMDGB *",F8.3," PTFSIN ",F8.1," PTFSDG '",F8.3,/
1930&"STFSIN '",F8.1," STFSDG ",F8.3," PBUSIN *",F8.3,

1940&"™ PBUSDG ",F843,/"PPIPFH *,F8.5," SPIPFH *",F8.5,

1950&" REMMIN *,F8.3," REMMDG *,F8.3,/"RABSIN ",F8.3,

1960&" RABSDG ",F8.3," RBNDIN "“,F8.1," RBNDDG '",F8.3,/

1970&"RDIMTL '",F8.3," EPGWB ",F8.3," GAP “,FBe.4,
1980&" BOLRHO® *»,F8e3,/"ACOEFF ",E%9.3," AEXP "sF8.1,
1990&"™ KPT v,18," BUZ Y,F8.4, /"AMO ",F8.5,
2000& NSTEPS ',18," KSYS 518, NWORD ", 18)

2010 BASTIM=8.24

2020 IF(NCA(M).EQ.20)GOTS@ 366
2030 CALL @PENF(1,"BASDAT™)
2040 READC1,),BASTINM

2050 CALL CL@SEF(1)
2060C BASTIM IS THE LJFETIME 6F THE BASE CASE AND JS USED F@R

2070C THE SENSITIVITY C@BEFFICIENTS CALCULATIJIONS (JF A FILE
2030C PARAMETER HAS BEEN CHANGED JT WILL PR@BABLY CAUSE A CHANGE IN
2090C LIJIFE TIME; HENCE THE SENS.COEF.=DELTA LIFE/DELTA PARAMETER)
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2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230

2240&™

2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380

CALL OPENF(],'"S20")

READ(C1,),NVAR, (BASE(1),1=1,NVAR)
CaLL CLBSEF(1})

D¢ 333 I1=1,34
DELTA=XDATA(I,M)-BASE(T)

JF (ABS(DELTA).GT.0.000001)G@8TS 334
GeT® 333

334 JACKs=I]

GeTe 335

333 COBNTINUE

335 DELTIM=TIMEND-BASTIM
COEFF=DELTIM/DELTA

PRINT 336, JACK,COEFF

336 FE@RMAT(/" CHANGING THE MEMBER N@.

JF(NCA(M)+NE.20)GHTB 399

366 CONTINUE

WRITEC4,), TIMEND

CALL CL@SEF (4, "BASDAT")

399 CONTINUE

IF(KSYS.EQ.0)GBTS 83

PRINT, 12

PRINT 2016,

PRINT 2004, (XDATA(TI.,M),J1=32,34)
2004 FORMAT(SF14.6)

2016 F@BRMAT(*™ TGUTLT C@ZREDT
83 CONTINUL

GATHO 80

2390C END SUPER-LOOP.

2400

END
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REX

30000 SUBRGUTINE REX(TINX, DELTX, POWX, NXX, RHO, TIMEND, H3L, DUMMY)
30010 REAL TNCIL)LTCGCL1)LTFCI1DLTFSCI1)»TCC11).,

300204 TINX(21),PHTACL]),

300304 DELTX(21),POWX(21),TMX(2]),BUX(25),BUM(21),RHB(21)
30040& »H3L(21),DUMMY(25), TGS(11)

30050&,LBGBG(23),MIT(23)
36060 C@YMMGBN PG,ZAD,EAD,AZR,ALIF, @GP, GOLD, TFMX, TFME, CBL.»CEL, AHL,

300704& AKA, AKl,AK2,WHY, BSRCH, TMNF , BTBGL, BTEGL, SADC, TCCE, SADT, TCT»
30080& SADH, TCHE, ZADC, ZADT, ZADH, GTH, AGL,» CLTH, CGL, Z8P,CCLD,AC@EF,
30090& AEXP,BUZ,POGWINT, TIN,DELT

30100& »TCDGP(C11),TIM(25), TFUELC11),G(11),ATFU(25),ADCE(S),
30110& ADT(5),ADHE(S), TBD(5),AM(10), TPPK(25),P(25),BTNAC]11),
30120& BTCDG(11),BDTGP(C11),BTFUECI1),EBTNCI1),EBTCC11),EBDTC(}1),
30130& EGTFC11),TNAK(11),DTGPC11),AHZR(25)
30140&,H2L(21),HYL(25),HRCC(25), TSWELL(25),GB0L(23)

30150& » BSSW(25),BUSW(25),TINZ(25),DELTZ(25),POWZ(25)

30160& »AM1(25),AM2(25),AM3(25)

30170& » TCLAD(25,11)

30180& » KPT, NJK, JSTPL,NSTEPS

30190C

30200 GAP=DUMMY (1)

30210C RADJAL GAP IN MJLS

30220 BOLRH@=DUMMY(2)

30230C B & L REACTIVITY IN $

30240 ACOGEF=DUMMY(3)

30250C CFF=ACOGEFF *xEXP(AEXP/TFUEL)

30260 AEXP=DUMMY (4)

30270 KPT=DUMMY(5)

30280C -1/0/1/2=STANDARD/FULL/MIDI/MINI PRINT

30290 BUZ=DUMMY(6)

30300C CORE AVERAGE BURNUP(MA/@)

30310 AMO=DUMMY(7)

30320C INITJAL AM(I) IN H.L. EXPRESSIGN BELOW

30330C

30340 CALL QPENF (1,*"AXDAT")

30350 READ(C],)>ALIFE,ELNG, ALEN, AKWKG,DIACL,DJAFU,AZR,BSRCH
30360C ALIFEs: LJIFE IN YRS.

30370C ELN@: # OF ELEMENTS

30380C ALEN: FUEL ELEMENT LENGTH IN IN.

30390C AKWKG: KWT/KG-U

30400C DJACL: UNCOGATED CLADDING ID IN IN.

30410C DIAFU: FUEL MEAT DJA IN JN.

30420C AZR: INJTIAL H/ZR

30430C BSRCH: 0/1=CALC. MAX. INITJAL H/ZR FOR ALL DELTA FUEL/BYPASS
30440& +CLTH,CCLD, Z@P,WHY, NJK

30450C CLTH: CLAD THICKNESS JN MILS

30460C CCLD CLAD DIFFe CONST.

30470C z8P: LE.99=AD DEPENDS ON AMO FROM S-FJLES/GT.99,LE.]199=
30480C USE LINEAR AD (HE,CE,T)/GT.199=USE EXPOGNENTJAL TYPE AD
30490C WHY: HYDROGEN WORTH ($/.]1NSUB H)
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REX CONTINUED

30500C NJK: 0/1=B@NZER-SWENSUN/S8DR C@RRELATIGN (NOT USED)
30510& +AK]l ,AGL,CGL,GTH, AK2

30520C AK!,CGL,GTH,AK2 ARE USED IN THE HYDROGEN LOSS EQUATIGN BELGW:
30530C HeLexCONST«*(AM(])*CCLD*SQRT(PI*EXP(~-AKI1/T SUB C)/CLTH+
30540C AGL*CGL*PXEXP(-AK2/T SUB C)/GTH)

30550C I IS THE AXJAL TEMP. JINDEX

30560% +sADCE,ADT,ADHE, TBD

30570C ADCE (COLD END),ADT(TUBE),ADHECH@T END); SEE Z@éP ARGVE
30580C TED: TIME FGR AD ARRAYS

30590& 2TMX,TIM

30600C TMX: ARRAY OF OGPERATING TIME STEPS

305610C TIM: TIME ARRAY (MORE DETAILED AT BEGINNING THAN TMX)
30620& » ZADC, SADC, TCCE, ZADT., SADT., TCT, ZADH, SADH, TCHE

30630C AM(1)=ZAD+SAD(!-EXP(DELTA TIME/TC)

30640C THIS EQUATIGBN APPLJES FOR AM(C1) AT THE C6LD END

30650C (CE VALUES), AT THE TUBE (T)», AT THE H@T END (HE) AND USES
30660C ZAD,SAD,TC AT CELHE,T

306 70& »TNLTCG,TF,TFS, TGS, GGP, BPT, AMARG, PHTA

30680C TN: NAK COGLANT TEMPe.

30690C TCG: CLAD/GLASS JINTERFACE TEMP.

30700C TF: FUEL AVG. TEMP.

30710C TFS: FUEL SURFACE TEMP.

30720C GGP: =-1/0/1=CBNSTANT GAP/CALC.GAP/OPTIMIZES GAP WITH
30730C AMARG(BELGW) AT E @ L

30740C @BPT: O/1=PRINT GAP (ONLY IF OGP.GE.0)/BYPASS

30750C AMARG: USED ABGVE IN 6GP

30760C PHIA: AXTAL TEMP. DISTRIBUTION (BOTTOM TG TGP)

30770& » FPK, UBUKK, SMK, BUM@GM] , BUMGBM2, PPBUK

30780C THE PARAMETERS BEL@W ARE CONSTANTS IN THE FOLLOWING
30790C REACTIVITY LOSS EQUATIOGNS:

30800C FJISSIOGN PROGDUCTS(I)>=FPK*BURNUP(I)

30810C U BURNGUT(I)=UBUKKxBURNUP(CI)

30820C SAMARIUM(TI)=SMKO* (] ~EXPC(BURNUPCI)*SMK))

30830C PREPGISGN BU(I)=PPBUK*(FRAC]*EXP(-BURNUP(I)Y*BUMBMI*219.05)
30840C +FRAC2%EXP(-BURNUP(TI)*BUMBM2%219.05)), WHERE

30850C 219.05 IS A UNJITS CONVERSIBN FACT@R, INDICES 1 AND 2
30860C REFER T® THE TW@ P@ISGNS IN THE REACTGR

30870& »FRAC1,FRAC2, TDEFK, XEN@BNK, HRDK, PDEFK, SMKO

30880C XENGN(T)=XENOBNK*POWER(T)

30890C TEMPERATURE DEFECT(I)=TDEFK*TEMP(I)

30900C POWER DEF (] )=PDEFK*PGWER(CI)

30910C H DEF «(J)=HRDK*P@WER(T)

30920C THE INDEX I REFERS T8 THE TIME STEPS

30930 CALL CLG@GSEF (1)

30940C

30950 NSTEPSaNXX

30960 GeLD=GAP*1000.

30970 POWINT=0e

30980 BUZ=BUZ/(110.%8766¢%5)

30982 POWXX=PBWX(21)
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30983 DELTXX=DELTX(21)

30984 TINXX=TINX(21)

30990 CALL TEMPS(GAP,ALIFE,DIAFU,DIACL,ELN®,ALEN, PHJIA,
31000& TINX,DELTX,P@WX, TMX, PBW,BUX, TN, TCG> TF» TFS, TGS, 8PT, AMARG)
31010C USES TIN,TOUT TG FIND AXJAL TEMPERATURE DISTRIBUTIONS

31020 IF(BSRCH.GT.0) G@ T@ 12

31030 AZZ=AZR

31040 TMMMF =TMNF

31050 ATFUEL=ATFU(})

31060 CALL BNDHZR(BBZR,AZZ,ATFUEL, TMMMF)
31070C FINDS H/ZR

31080 AZR=AZZ

31090 12 CBNTINUE

31100C

31110 CALL BHL@SSCALIJFE,ELN@,ALEN,DIACL,AHL®#S,DIAFU, AMO)
31120C HYDRGGEN L#SS CALCULATIGNS

31130 CALL BETABN(JSTP)

31140C BETA B@UNDARY CALCULATIONS

31150 GGP=GAP*1000.
31160C

31170 H2L(1)>=0

31180 BUM(1)=0.0

31190 TINXCI)=TINZ(1)
31200 DELTX(1)Y=DELTZ(1)
31210 POWXC1)Y=PBYZ(1)
31220 D@ 45 KK=2,21
31230 JJI=KK+2

31240 H2L(KK)=HYL(JJ)
31250 BUMCKK)=BUX(JJ)
31260 TINXC(KK)Y=TINZ(JJ)
31270 DELTX(KK)=DELTZ(JJ)
31280 POWX(KK)=PBWZ(JJ)

31290 45 CONTINUE

31300 TINX(21)=TINXX

31301 DELTX(21)=sDELTXX

31302 PBWX(21)=PBWXX

313160 D% 48 LL=1,21

31320 H3L(LL)Y=H2L(LL)

31330 48 CENTINUE

31340C

31350 CALL XPLG@DE(TJNX,DELTX, TMX, BUM, PBWX,RHO, TIMEND, B6LRH®
313604& » FPK, UBUKK, SMK, BUM@BMI , BUM@M2, PPBUK

31370& sFRAC!,FRAC2, TDEF K, XENGNK, HRDK, PDEF K, SMKO

31380& )]

31390C BALANCES REACTIVITIES,FINDS EOL TIME (WHEN SUM BF REACTIVITIJES
31400C EQUALS ZER®)

31410 JF(KPT.LT.0)GEBTG 47

31420 JMZ=JSTP+]
31430 JMIN=JSTP
31440 JMAX=JSTP
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REX CGNTINUED
31450 JF(KPT«LTs1) JMIN=]
31460 PRINT 31,

31470 31 FERMAT(2X,“TIME",2X,"T IN",2X,"DEL Tv,2X,"PeWw’,3X,
314804& "M A 27, 3Xs"TSWEL",2Xs “OFr SET,2Xs "BU SW™, ax, "GAP-)
31490 PRINT 32, (TIM(J)>TINZ(J)SDELTZ(J),PBWZ(J),BUX(J),
3i500& TSWELL(J),@SSW(J),BUSW(J),CGOBBL(J)» J3JIJMIN, JMAX)
31510 32 FORMAT(JI6,F6¢152F7¢1,F8.4,F6¢1,3F8.4)

31520 PRINT 33, TIM(JMZ),BUX(JMZ), BSSW(JIMZ),BUSW(JMZ),GOBLCJIMZ)
31530 33 FORMAT(J6,20X,FB8e4,6X,3F8.4)

31540 PRINT.,

31550 PRINT 85,

31560 PRINT 86, (TIM(J),AHZR(JI,ATFU(J)I»P(J)>HRCC(JI,HYL(J),
315704 AM1 (J) > AM2(J) s AM3 (J) 5 J=IMIN, JMAX)

31580 PRINT 87,TIM(JMZ), AHZR(JMZ),P(JIMZ)I,HYL(JIMZ)

31590 85 FORMAT(2X,"TIME'",3X,"H/ZR",2X,"AV TF'".2X,"PRESS",
31600& 4X,"CC/HRY,2X,'"% H LB5S",2%X,"AD1",5X,"AD2",5X,"AD3")
31610 86 FORMAT(I6,F8:4,16,2F95,F6.2,3F8.4)

31620 87 FORMAT(IOG,FB8e4,6XsF945,9%X,F6.2)

31630 PRINT,

31640C

31650 IF(KPT.GT.0) G@ TG 74

31660 PRINT,

31670 PRINT 76

31680 PRINT 77,(BTNACI)>,BTCDG(I)»BDTGP(I)>>BTFUE(I)>,TI=1511)
31690 PRINT.,

31700 PRINT 76

31710 PRINT 77, (E@TN(CI),E@TC(I),EBDT(II,EBTF(I),I=1,11)
31720 PRINT.,

31730 PRINT 76

31740 PRINT 77, (TNAK(T)>TCDGP(I),DTGP(I),TFUEL(I)»T=1,11)

31750 76 FORMAT(SX.,'"TNAK",2X,"CLAD/GL",3X,"GAP DT",3X,"AVG FU")
31760 77 FORMAT(C 4F9.2)
31770 74 CGNTINUE

31780C
31790 PRINT.
31800 PRINT 35,POW,ALJFE, BUX(JMZ)» TIN,DELT,ELN®,GGP,ALEN,DJAFU,

31810& DIACL, TFMX, TFME, CBL,AHL, GBLD, AHL2S,AZR, ZOP,EAD, P8, WHY,
31820& BTB@L, TPPK(1)>,BTEGBL, TPPK(JSTP)

31830& +AK!,CLTH, AGL,CGL, AK2

31840& »CCLD

31850 35 FORMAT( 5X,“"POWER".,2X,"LIFE(YR)",2X,"BU(MA/B)",5X,
31860& *INLET"»2X,"DEL TEMP'"/2F10.1,F10.,4,2F10.2/

31870& 4X,"ELM'TS", 7X,"GAP", 4X, "LENGTH", 2X,"DIA FUEL",

31880& 2X,"DIA CLAD"/F10.0,2F10.2,2F10.4/

318904& 4%, "TFMX: 0", 4X, " TF tEGL", 2X,"CC/HR(0)>",2X,"H/ZR:EBL",
31900& 6Xs"LIFE"/2F10.2,2F10.4,F10.2/

31910& I1X,"H LBSS($)",3X,"H/ZR(0)",3X,"ADCEND)>", 2X,"AD(TUBE)",
319204& 2X,"PB(PSTAY"/F10e2,F103,2F10.5,F10.2

31930& /71X, "WOR(S/NH) ", 4X, "BGL BT".,2X,"BOL TMAX",aX,''EOL BT E@EL TMAX",

31940& /F10.3,4F10.274X,'"Q CLADY,3X,''CLAD TH".,2X,"GLASS AG",
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31950&
319604
319704&
31980C
31990
32000
32010
32020
32030
32040
32050
32060
32070
32080
32090
32100
32110
32120
32130
32140
32150C
32160C
32170
32180
32190
32200
32210C
32220C
32230C
32240
322504
32260C
32270
32280&
322904&
32300&
32310C
32320
32330&
32340&
32350&
32360&
323704
32380&
32390&
32400&
32410&
324204
32430&
32440&

CENT INUED

1X,"GLASS C8&N",3X,"Q GLASS"/
F10e0sF10e15F104,F10+5,F1040/
2X,"CLAD C@N"/F10.0/)

47 CONTINUE

LUMP=3+NSTEPS

PRINT 198,

D@ 101 J=1,LUMP

TIMPAN=TIM(J)/8766.

101 PRINT 199, TIMPAN,BUX(J),@SSW(J),BUSW(J),GBOBL(J),P(J)
PRINT 197,

DG 102 J=1,LUMP

TIMPAN=TIM(J)/8766.

102 PRINT 196, TIMPAN, TSWELL(J),AHZR(J),ATFU(J)

199 FORMAT(F6.2,5F%.4)

196 FORMAT(F5¢2,F9+1,F9¢4,F9%9.1)

198 FBRMAT(/"™ TIME MA 2 @FFSET BU sSw GAP PRESS*")
197 FORMAT(/" TIME TSWELL H/ZR AV TF*)

GAPGZ=1.

CALL FINDGA(GO@BL,LBGG, TIM,MIT,LUMP,GAPTIM, GAPO)
EXTRAPOLATES T@ FIND THE TIME WHEN THE GAP = GAPO (S@ME
SPECIFIED GAP VALUE).

PRINT 300!,GAP@,GAPTIM

3001 F@RMAT(/"TIME (WHEN THE GAP IS “,F10.1," ) = ",F10.2)

RETURN

END

SUBROUTINE TEMPS(GAP,ALJIFE,DIAFU,DIACL,ELNG,ALEN, PHTA,
TINX, DELTX, PBWX, TMX, PBW, BUX, TN, TCG,» TF, TFS, TGS, 8PT, AMARG)

REAL TINX(21)>,DELTX(21),POWX(21), TMX(21).,
PHTAC(CI 1)

sTNC21),TCG(21)3,TF(21).,
TFS5¢21),TGS(11),BUX(25)

CeMM@8N PO, ZAD,EAD,AZR,ALIF, 8GP,GOLD, TFMX, TFME,CBL,GEL, AHL,
AKA,AKl, AK2,WHY, BSRCH, TMNF, BTBOL,BTEGL, SADC, TCCE, SADT, TCT,
SADH, TCHE, ZADC, ZADT, ZADH, GTH, AGL, CLTH, CGL, Z@P,CCLD, ACBEF,
AEXP,BUZ, P@WINT, TIN, DELT

»TCDGPC11),TIM(25), TFUEL(C11),GC11),ATFU(25),ADCE(S),
ADT(5), ADHE(5), TBD(S5),AM(10), TPPK(25),P(25),BTNAC11).,
BTCDG(11),BDTGP(11),BTFUE(1}),EBTNC11),E3TC(11),EBDT(11),
EGTFC11),TNAK(11),DTGP(11),AHZR(25)
JH2L(21),HYLC25),HRCC(25), TSWELL(25),GE2L(23)

2, BSSW(25),BUSW(25),TINZ(25),DELTZ(25),POWZ(25)

»AM1 (25),AM2(25),AM3(25)

» TCLAD(25,11)

s KPT,NJK, JSTP,NSTEPS

AI-AEC-13098
38



REX C@NTINUED

32450C
32460
32470
32480 98
32490
32500
32510
32520
32530
32540
32550 17
32560 99
32570C
32580
32590
32600
32610
325620
32630
32640
32650
32660
32670
32680
32690C
32700
32710
32720
32730
32740
32750
32760
32770
32780
32790
32800
32810
32820
32830
32840
32850
32860C
32870
32880
32890
32900
32910
32920
32930
32940

GP=GAP
ALJF=ALJFE*8766.
CeNTINUE
JSTEP=1
GAP=GP
GG=GAP
P&WINT=0.0
BUX(1)=0

Deg 17 I=1,11
G(T)=GAP
CBNTINUE

TTIM=TIMC(JISTEP)

NLIFE=NSTEPS+1

NLGC=0
TIN=FUNCTI] (TMX, TINX,NLIFE, TTIM,NLBC,1)
TINZ(JSTEP)=TIN

NL@C=0
DELT=FUNCTI! (TMX, DELTX,NLIFE, TTIM,NLG&C, 1)
DELTZ(JSTEP)=DELT

NLBC=0
POW=FUNCT! (TMX, POWX,NLIFE, TTIM,NLBC, 1)
POWZ(JSTEP)=PEW

JSTEPT=JSTEP+!
POWINT=PGWINT+PBWx(TIM(JSTEP7)-TIM(JSTEP))
BUX(JSTEP7)=P@WINT*BUZ
AKAIFT=POW*12+./(ELNG*ALEN)

TFM=0.

TNAK(1)=TIN

DMP = 0.9752/DJACL

GMP = G(C1)>*DMP/0.0067
AKWMP=AKWFT*85¢%16./(95.%124)
TCDGP(1)=TIN+(TCG(1)-TNC1))*xAKWMP*DMP
TCLADCJSTEP, 1 )=TCDGP(1)
DTGP(C1)=C(TFSC(1)-TGS(C1))*AKWMP*GMP
DTGL=(TGS(1)>=TCG(!))*AKWMP*DMP
TFUELC(1)=TCDGP(I)+DTGPCIDX+(TF(1)-TFS(1))*AKWMP+DTGL
TMNF =TCDGP(C(1)+DTGP(1)>+DTGL

DTM=DELT/80.

DG 10 I=2,11
TNAK(T)I)=(TNC(I)=TN(I-=1))*DTM+TNAK(T~-1)
TCDGP(IDX=TNAKC(I)X+(TCG(T)-TN(T))*AKWMP*DMP
TCLAD(JSTEP,I1)aTCDGP(I)

GMP=G(I)>%DMP/0.0067
DTGPC(T)=(TFS(I)=~TGS(J))*AKWMP*GMP
DTGL=(TGS(I)>~TCG( 1)) *AKWMP*XDMP
TFUELCI)=TCDGP(J)>+DTGP(IX+(TF(J)-TFS(]))*AKWMP+DTGL
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CGNTINUED

32950 10 CONTINUE

32960C
32970
32980
32990
33000
33010
33620
33030

33040 20

33050C
33060
33070
33080
33090
33100C
33110
33120
33130
33140
33150
33160
33170
33180C
33190
33200
33210
33220
33230
33240
33250C
33260

59

68

AT=TFUEL(1)+TFUEL(11)

KST=1]

P8 20 I1=2,10

AT =AT+TFUEL(JI)*2.
TFM=AMAX1 (TFM, TFUEL(I))
IF(TFUEL(I).LT.TFM) G6 T& 20
KST=KST+1!

CBNTINUE

TPPRC(JSTEP)I=TFUEL(KST)+(TFC(KST)=-TFS(KST) ) *AKWMP
ATFU(JSTEP)=AT*0.05

JF(JSTEP.EQ« 1 )TFMX=TFM

IF(JSTEP.NE.1)G& TB 59

DG 59 Id=l,11
BTNACIJ)=TNAKC(IJ)
BTCDG(JJ)=TCDLGP(IJ)
BDTGP(IJ)=DTGP(TJ)
BTFUE(JJ)=TFUEL(TJ)
C@NTINUE
JF(JSTEP«NE.10)GO TG 68

DB 68 IJd=1,11
EGTN(TJI=TNAK(IJ)
EBGTC(IJI)=TCDGP(I1J)
E@GDTC(JJ)=DTGP(IJ)
EGTF(IJ)=TFUEL(IJ)
C@NTINUE

CALL GAG(@PT,JSTEP,GG,GP,BUX(JSTEP7),DIAFU,AMARG,PHIA)

33270C FINDS THE GAP BETWEEN CLAD AND FUEL.

33280
33290
33300
33310
33320
33330
33340
33350
33360C
33370C
33380C
33390C
33400

16

JSTP=JSTEP~I

IF(BGP.LT+0)GG& TGO 16
IFCTIM(JSTEP)+LT.ALIF)GO T8 99
JF(GG.NE.GP)GG T@& 98

CONTINUE

TFME=TFM

RETURN

END

SUBRBUTINE BHL@SS(ALJFE,ELN@,ALEN,DJACL,AHLBS,DIAFU,AMO)

33410C HYDRGGEN LBSS ROUTINE

33420
33430
334404

DIMENSI@N TC(10)

CeMMGN P2, ZAD, EAD,AZR,ALIJIF, @GP, GOLD, TFMX, TFME, CBL, CEL, AHL,

AKA,AK1,AK2,WHY, BSRCH, TMNF , BTBOL, BTESL, SADC, TCCE, SADT, TCT,
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334504
334604
33470&
33480&
334904
335004
3351 0&
33520&
335304&
33540&
335504
33560C
33570
335808&

CONTINUED

SADH, TCHE, ZADC, ZADT,» ZADH,GTH, AGL, CLLTH, CGL,» Z&P, CCLD, ACBEF,
AEXP,BUZ,PBWINT,TIN,DELT
sTCDGPC(11),TIMCES),TFUELC(11),G(C11),ATFU(C25),ADCE(S),
ADT(S),ADHE(S5),TBD(S5),AM(10), TPPK(25),P(25),BTNAC11),
BTCDG(11!),BDTGP(11),BTFUE(]I1),E@TNCI1),EBTC(11),EZDTC11),
EGTFC(l11)2,TNAKC11),DTGP()1),AHZR(25)
»HZL(21),HYL(25),HRCC(25), TSWELL(253,G808L(23)

s B5S5W(25),BUSW(25), TINZ(25),DELTZ(25),P@WZ(25)

s AM1 (25),AM2(25),AM3(25)

» TCLAD(25,11)

» KPT>»NJK, SJSTP,NSTEPS

RAYMGND'S PRESSURE EQUATIZN
FPRES(X,AT)=EXP(~8.8455488.9801%X-78.8961 %xX%*%24+2] « 373! *X%*%3)
¥EXP((=1269T7249¢ 7707 %A~2.4984%X*%%2)%] .0EC4/AT)

33590 DB 777 JACK=1,10
33600 777 AM(JACK)>=AMO

33610
33620
33630
33640
33650
33660
33670
33680
33690
33700
33710
33720
33730
33740
33750
33760
337170
33780
33790
33800
33810
33820
33830
33840
33850
33860&
33870
33880
33890
33900
33910
33920
33930
33940

JKD=2

AKA=AGL*CGL/(GTH*.0254)

J=1

ZAD=Z0P

ZBP=AMC1)

EAD=AM(2)

BKD=CCLD/(CLTH#0.0254)

AHZR(1)=AZR
AREA=ALEN*3¢14159%DTACL*2454%%2%0.1
WE@RH=WHY/.0287

CCELM=22.4E03%6 «3E22%0.7854%16.39*xALEN*DJAFU**2/(1.81%6.023E23)
CCELM=CCELM/2.

G@LCC=W@RH/CCELM

CC=GC.0

DNH=0.0

AT=ATFU(1)+459.7

P(1)=FPRES(AZR,AT)

P@=P(l)*14.696

IFCZAD«GT.199.)GZ TG 70
IJF(ZAD«GT.99.)G0 TO 22

28 CENTINUE

ALJF=ALIFE*8766.

Dg 32 I1=1,10

TCCI)=(TCLAD(J, J)+TCLAD(JsT+1))%.54459.7
CC=CC+(AM(I)I)*BKD*SQRT(P(J)IXEXP(~AK1/TC(T))+
AKAXP(J)*EXP(~-AK2/TCC(I) ) )»*AREA*TIM(2)
32 C@NTINUE

DNH=CC/CCELM

CCHR=CC/TIMC2)

HRCC(1)=CCHR

CBL=CCHR

DL@S=DNH*WGRH

HYL(1)>=0

HYL(2)>=DL#8S
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REX CONTINUED

33950 J=2

33960 87 CONTINUE

33970 IF(TIM(J+1)«GT«ALIF)ITIM(J+]1)=ALIF
33980 AHZR(J)=AHZR(J~1)-CC/CCELM

33990 AZR=AHZR(J)

34000 JF(@GP.LT«0)ATFUCJI=ATFU(1)

34010 AT=ATFU(J)+459.7

34020 P(J)=FPRES(AZR,AT)

34030 JF(ZAD+GT+199.3G8 T 70

34040 JF(ZAD«GT«99.)GE& T@ 22

34050 29 CGNTINUE

34060 TIME=TIM(J+1)-TIM(J)

34070 81 CC=0.

34080 D& 57 I=1,10

34090 TCCI)=(TCLADC(J, I)+TCLAD(CJ, T+1))%e5445947
34100 CC=CC+CAM(T)*BKD*SQRT(P(J) )*EXP(-AKI/TC(I))+

3411]04& AKAXP(J)*¥EXP(-AK2/TC(J)))*AREA*T]IME
34120 57 CGNTINUE

34130 DNH=DNH+CC/CCELM

34140 DLGS=DNH*W@RH

34150 HYL(J+1)>=DL2S

34160C

34170 CCHR=CC/TIME

34180 HRCC(J)=CCHR

34190 JF(TIM(J+1).EQ.ALJF)IGE TG 31
34200 J=d+1

34210 Gg TO 87

34220 70 CONTINUE

34230 TMM=05%(TITM(J+1I+TIM(J))

34240 AM(1)=SADC* (] -EXP(~-TMM/TCCE)>)>+ZADC
34250 AM(2)=SADT* (1 -EXP(-TMM/TCT)>)+ZADT
34260 AM(10)=SADH*(1-EXP(-TMM/TCHE))+ZADH
34270 AM]1 (J)=AMCT)

34280 AM2 (J)I=AM(2)

3429%0 AM3(J)I=AMC10)

34300 D& 76 JJL=3,9

34310 76 AM(JIL)=AM(2)

34320 JF(J.EQ.1)G8 TG 28

34330 G@& TO 29

34340 22 C@NTINUE

34350 IF(TBD(JKD) «GT«TIM(J+1))GG TG 13
34360 JKD=JKD+]

34370 13 TSTP=TBD(JKD)=-TBD(JKD-1)

34380 SC=(ADCE(JKD)~ADCE(JKD-1))/TSTP
34390 ST=(ADT(JKD)-ADT(JKD-1))/TSTP
34400 SH=(ADHE(JKD)~-ADHE(JKD=1)>)>/TSTP
34410 24 TMKD=0S5%(TIMC(J)+TIMCJI+1))=-TBD(JKD~1)
34420 AM(1)=ADCE(JKD~1)+SC*TMKD

34430 AM(2)=ADT(JKD-1)+ST*TMKD

34440 AM(10)=ADHE(JKD-1)+SH*xTMKD
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34450 AM1 (J)=aM(1)
34460 AM2 (J)=AM(2)

34470 AM3(JI=AMC10)

34480 D@ 27 JIL=3,9

34490 27 AM(JTIL)I=AM(Z)

34500 IFCJ«EQe.l) GO TG 28
34510 Go T2 29

34520 31 CGNTINUE

34530 AHZR(J+1)=AHZR(J)~CC/CCELM
34540 AZR=AHZR(J+1)

34550 P(J+1)=FPRES(AZR,AT)
34560 AHL@S=DNH*W@RH

34570 AZR=AHZR(1)

34580 CEL=CCHR

34590 AHL=AHZR(J+1)

34600 RETURN

34610 END

34620C

34630C

34640C

34650 SUBRGUTINE BETABN(JJST)

34660 C@GMMON PG, ZAD,EAD,AZR,ALIF, 6GP,GOBLD, TFMX, TFME, CBL, CEL, AHL,
346704 AKA, AK1,AK2,WHY, BSRCH, TMNF, BTBOL,»BTE®ZL, SADC, TCCE, SADT, TCT,
346804 SADH, TCHE, ZADC, ZADT, ZADH, GTH, AGL, CLTH, CGL, Z8P, CCLD, ACGEF,
34690& AEXP,BUZ, PBWINT, TIN, DELT

34700& ,TGDGPC11),TIM(2S),TFUELCI1),G(11),ATFUC25),ADCE(S),

34710& ADT(5),ADHE(S5), TBD(5),AM(10), TPPK(25), P(25),BTNA(C11),
34720& BTCDG(11),BDTGP(11),BTFUECI1),EGTNCI1),EGTC(11),EBDT(11),
34730& EBGTF (115, TNAK(C11),DTGP(11),AHZR(25)

34740& ,H2L(2!),HYL(25),HRCC(25), TSWELL(25),G80L(¢(23)

347504 » B5SW(25),BUSW(25),TINZ(25),DELTZ(25),POWZ(25)

34760& ,AM1(25),AM2(25),AM3(25)

34770& ,TCLAD(25,11)

34780& ,KPT,NJK, JSTP,NSTEPS

34790 FBETA(Z)=1615¢97+89+9747%(ALBG(Z))+3.8810*%(ALBG(Z)) *%x2
34800& +0¢13459%(ALOBG(Z) ) %**3

34810 BTBBL=FBETA(P(])>)>

34820 PZ=P(JSTP)

34830 BTEGBL=FBETA(PZ)

34840 JF(BTBBL.LE.TPPK(1))G8 T@ 5

34850 6 K=JSTP-]
34860 D& 14 I=2,K

34870 ID=7]
34880 BTP=FBETA(P(I))
34890 IF(BTP.LETPPK(I))G® TB 17

34900 14 COGNTINUE

34910 26 TFEL=TPPK(JSTP)

34920 IF(BTEBL.LE.TFEL)GSG TO 9
34930 Go T8 2

34940 5 PRINT 22,TIM(1)>,BTBEeL, TPPK(1)
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34950 G& TG 6

34960 17 PRINT 22,TIM(ID),BTP, TPPK(ID)

34970 G& TG 26

34980 9 PRINT 22, TIMC(JSTP),BTEBL, TPPK(JSTP)

34990 Ge TG 2

35000 22 F@RMAT( "CAUTIGN!! BETA PHASE FUEL HAS @CCURRED AT TIJIME"™,
35010& F8.1," HBURS."/"BETA FUEL TEMPERATURE JS ",F8.2,/"BUT PEAK
35020& FUEL TEMPERATURE IS “,F8.2/)

35030 2 RETURN

35040 END

35050C

35060C

35070C
35080 SUBRGUTINE XPL@DE(TINX,DELTX,TMX,BUM, PeWX, RHO, TIMEND, BOLRH@

350904 »FPK, UBUKK, SMK, BUMBM1 , BUM@M2, PPBUK

351004 +FRAC1,FRAC2, TDEFK, XENGNK, HRDK, PDEFK, SMKO

35110& )

351200

35130 C@MMGN P@,ZAD,EAD,AZR,ALIF,3GP,GBLD, TFMX, TFME, CBL,CEL,AHL,
35140& AKA,AK],AK2,WHY, BSRCH, TMNF, BTB@L, BTE@BL, SADC, TCCE, SADT, TCT,
35150& SADH, TCHE, ZADC, ZADT, ZADH, GTH,AGL, CLTH, CGL, Z8P, CCLD, AC@EF,
35160& AEXP,BUZ,P@WINT, TIN, DELT

35170& »TCDGP(11), TIM(25), TFUELC11),G(11),ATFU(25),ADCE(S),
35180& ADT(5),ADHE(S5), TBD(5),AM(10), TPPK(25),P(25),BTNA(I]),
35190& BTCDG(11),BDTGP(11),BTFUECI1),E@TNCI1),EBTC(11),EBDT(11),
352004& EBTF(11)3,TNAKC11),DTGP(11),AHZR(25)

35210& sH2L(21),HYL(25),HRCC(25), TSWELL(25),GABL(23)

352204 »BSSW(25),BUSW(25),TINZ(25),DELTZ(25),POVWZ(25)

35230& »AM] (25),AM2(25),AM3(25)

35240& + TCLAD(25,11)

35250& » KPT, NJK, JSTP, NSTEPS

35260C

35270 DIMENSION FP(21)>,UBUC21),S5M(21),PPBU(21),TBAR(2!),

352804& TDEF (21 ),XEN@N(21),HRD(21),PDEF(21),RLBSS(21),RHA(21)
35290¢& s TMX(21),DELTX(21),BUMC21),PBWX(21), TINX(21)

35300¢& » BHR(21),XMT(21)

35310C

35320 D 1 I=1,21

35330 FP(I)=BUM(T)*FPK

35340 UBU(7)=BUM(TI)*UBUKK

35350 SM(T)=SMKO*(l .-EXP(BUM(TI)>/SMK))

35360 PPBU(])=PPBUK*(FRAC] %EXP(~BUM(J)*219.,05%BUMEZM] )+

35370& FRAC2*EXP(-BUM(T1)*2]19.05%BUMBM2))

35380 TBAR(I)=TINXC(JI)+DELTX(I)>/2

35390 TDEF (1)=TBAR(CI)*TDEFK

35400 XENGNCI)=PRBWX(I)*XENBNK

35410 HRD(1)=POBWX(J)*HRDK

35420 PDEF (J)=PBWX(J)*PDEFK

35430 RLGSS(J)=FP(I)+UBUCI)>+SM(TI+H2L(I)+PPBUCJ)+TDEF(])+
35440& XENBNCI)+HRDCI»+PDEF(])
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35450

COBNTINUED

RH@O(T)=BBLRHE~RLEBSS(])

35460 |1 CONTINUE

35470 NLBC=0

35480 VALUE=0.

35490 LIFE=1+NSTEPS

35500C

35510 D@ 5 I=1,21

35520 I112=22-7

35530 SGHRCJ)=RHO(T12)

35540 S XMT(I)=TMX(I12)

35550 TIMEND=FUNCTI! (ZGHR,XMT,LIFE,VALUE,NL@C,2)

35560 TIMENDaTIMEND/8766.

35570C

35580 IFC(KPT.LT.0) G& T@Z 78

35590 PRINT 77, TIMEND

35600 77 F@RMAT("EGL (YRS)I",3X,F10.3)
35610 PRINT 20,

35620 Dg 2 I=1,21

35630 2 PRINT 10, FPCI),UBU(CI),SM(I),PPBUCT),H2L(1),TDEF(J),XENGN(T)»
356404 HRD(J)>, PDEF(T),RLBSS(TY,RHB(I)

35650 10 FORMAT(11F6.2)

35660 26 FERMAT(

356704 v FP uBU sM PPE&T H2L

356804& TDEF XENBGN HRD PDEF RL@SS RH@")

35690 78 CONTINUE

35700 RETURN

35710 END

35720C

35730C

35740C

35750 SUBROGUTINE GAG(@PT,JSTEP,GG,GP,BU,DIAFU, AMARG, PHTA)

35760C CALCULATES GAP AND @THER FUEL SWELLING CHARACTERISTICS
35770 COMMGN PG, ZAD,EAD,AZR,ALJF, %GP,GOLD, TFMX, TFME, CBL, CEL, AHL,
35780& AKA, AK),AK2,WHY, BSRCH, TMNF,BTBOL, BTEGL, SADC, TCCE, SADT, TCT,
35790& SADH, TCHE, ZADC, ZADT, ZADH, GTH, AGL»CLTH, CGL, Z@P, CCLD, ACBEF,
358004 AEXP,BUZ,PGWINT, TIN, DELT

35810& s TCDGPCI1),TIM(25), TFUEL(11),GC11),ATFU(25),ADCE(S),
35820& ADT(S5),ADHE(5), TBD(S),AM( 105, TPPK(25),P(25),BTNA(}1),
35330& BTCDGC1 1) ,BDTGPCI 1), BTFUECI 1), R0TN 1) a¥TC(I1),EBDTCII),
358404& E@GTF(11), TNAKC11),DTGP(11)>,AHZR(25)

358504 »H2L(21),HYL(25),HRCC(25), TSWELL(25)>,G0O08L(23)

3586 0& » BSSW(25),BUSW(25), TINZ(25),DELTZ(25),PBWZ(2S)

35870& ,AMI(25),AM2(25),AM3(25)

35880& ,TCLAD(25,11)

35890& ., KPT,NJK,JSTP,NSTEPS

35900C

35910 DIMENSIBN AGF(11),PHTIA(1])

35920 ALAM=5000.

35930 GMX=0.

35940 gsSsw(l)r=0
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REX

33950
35960
35970
35980
35990
36000
36010
36020
36030
36040
36050
36060
36070
36080
36090
36100
36110
36120
36130
36140
36150
36160
361170
36180
36190
36200
36210
36220
36230
36240
36250
36260
36270
36280
36290
36300
36310
36320
36330
36340
36350
36360
36370
36380
36390
36400
36410
36420
36430
36440

CeNTINUED

g2

22
20

81
69

57
11

10

BUSW(1)=0

GOZL(C1)>=GG*1000.

J=2JSTEP

JKaJ+]

D@ 82 JC=1,11

G(JC)H=GG

IF(BGGP.LT«0)GB TO 10
JF(JSTEP.GT.})G& TG 20

D@ 22 JA=1,11

ABF (JA)Y=0.

IF(TIMCJK) «GT-ALIF)TIM(JK)=ALIJF
AXPJ=(] ¢+ =EXP(=(TIM(JK)~-TIM(J) ) /ALAM))
D@ 69 K=l,11
AT=TFUEL(K)+459.7

A@GFF =ACQEF *EXP(AEXP/AT)
DDV=CAQGFF -ABF (K) ) *AXPJ
JF(BPT.GT.0)GE TG 7
JFC(K.NE.7)G8 TG 7

PRINT, AOFF,AQF (K)

CONTINUE

IF(DDV+LE«Oe¢)DDU=0.

ABF (K)=A@F (K)+DDV
ABU=BU%PHTA(K)*] ¢45
BNUP=3.2] *ABU

JF(KsEQs8) BUSW(J+1)=BNUP%DIAFU%S5./2.8
GR=(BNUP+AGF (K) )*DJAFU*0.01/2.8
GC(K)=GG-GR/2.

GRR=GR/2.

GMX=AMAX! (GMX, GRR)
JF(GRR.LT.GG)GG TO 8]
G(K)=0.

CONT INUE

CBNTINUE

TSWELL(J)=TFUEL(8)
OSSW(JK)=AOF (8)XDJAFU%X5¢/2.8
JF(BPT.GT.0)G0 T2 11}

PRINT 57, (G(K),K=2,11)
FOGRMATC 10F7.4)

CONTINUE

JFCTIM(JK) «.LT.ALJF)G@ T8 10
JF(8GP.LT.1)G2 T8 10
RG=GMX+AMARG

DIF=ABS(GG=RG)
JF(DIF.LT.0.00001)G2 T3 10
GP=RG

JSTEP=JK

GALD=(GG~GMX)%] 000.
GOOL(JK)=GOLD

RETURN

END
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REX

36450

C@NTINUED

SUBROUTINE FINDGA(GOOL,LOBG, TIM,MIT,LUMP, GAPTIM, GAP®)

36460C GEOLCLUMP) IS THE X-ARRAY: TIM IS THE Y-ARRAY. SINCE G@OL
36470C IS IN DESCENDING GRDER, HAVE T@ INVERT JT T@ L@GG (ALSG INVERT
36480C TIM TO MIT)e GAPTIM IS THE CALCULATED TIME AT WHICH GAP=GAPG.

36490
36500
36510
36520
36530
36540
36550
36560
36570
36580

REAL GOOLC(LUMP),L@GGG(LUMP), TIM(LUMP),MITC(LUMP)
D& | I=),LUMP

J=LUMP=-T+]

L2BG(J)I=GBBL(I)

I MITC(I)=TIMCI)

NL@&C=0
GAPTIM=FUNCTI(LOGG.MIT,LUMP,GAPG, NLGBC,2)
GAPTIM=GAPTIM/8766.

RETURN

END
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BNDHZR

40000 SUBRGUTINE BNDHZR(BBZR,AZZ,ATFUEL, TMMMF)

40005 C@AMMEN DUMDUM(933).1BUM(4)

40010 FBP(Y)=14434E~10*%EXP(.01806%Y)

40020 FPRES(X,AT)SEXP(~8+¢8455+88+8901%X=-78.8961 %X%%2+2] ¢3731%X%*%3)
40030& *EXPC(=12972+9T7707%X-2.4984%X%x%2)%*] «OEQ04/AT)

40040 ADD=.1

40050 AZZR=AZZ

40060 2 CONTINUE

40070 AT=ATFUEL+459.7

40080 Pl =FPRESCAZZR,AT)
40090 JFC(AZZR.GT«1.7)GG T& 6
40100 BZR=AZZR+ADD

40110 Gg TE 7

40120 6 BZR=AZZR-ADD
40130 7 P2=FPRES(BZR.,AT)

40140 A=(AZZR-BZR)/(ALBG(P1)-ALBG(P2))

40150 B=AZZR-A*ALOBG(P1)

40160 BP=FBP(TMMMF)

40170 BHZR=AZZR

40180 AZZR=A*ALZG(BP)+B

40190 DIF=BHZR~-AZZR

40200 JF(DIF«LT«0.0)DIF==DIJF

40210 JF(DIJF.LT.0.001)G8 TE 4

40220 ADD=ADD*e2

40230 G& T8 3

40240 4 AZZ=AZZR

40250 RETURN

40260 END

INTRP2

11000 FUNCTIGN FUNCT2(X1,X2,Z,NP1,NP2,LP1,XPl,XP2,71S5,1IC)
t1g1oC

110206 FEBRUARY 4, 1972

11030C TW@-DIMENSIENAL LAGRANGTAN TNTERPOLATIGN ROUTINE
11040C X1 = FIRST ABSCISSA ARRAY

11050C (MUST BE IN ASCENDING #RDER IN ARRAY)
}1060C X2 = SECOND ABSCISSA ARRAY

11070C (MUST BE IN ASCENDING @RDER IN ARRAY)
11080C Z = TWOG-DIMENSI@NAL @RDINATE ARRAY

11090C NP1= LENGTH @OF X1 ARRAY

11100C NP2= LENGTH @F X2 ARRAY

11110C LPl= T@TAL FIRST DIMENST@NAL STORAGE FOR Z ARRAY
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JNTRP2 C@NTINUED

f1120C XPl= VALUE O@F FIRST ABSCISSA FZR JINTERPGLATION
11130C Xp2= VALUE OF SECOND ABSCISSA FEGR INTERPOLATIGON
11140C 1S REMEMBERS PLAGCE JIN TABLE (MUST BE SET EQUAL
11150C T@ ZEROG BEF@RE FIRST CALL T@ FUNCTIGN)
11160C IC CEeNTROLS JNTERPOLATJON METHOD:

11170C = | FGR LINEAR INTERPOLATI@N

11180C = 2 FPR LAGRANGIAN INTERPGLATIGN

11190C FUNCT2 SET T® CORRESPONDING BGRDINATE VALUE
11200C (FUNCT2 WILL EXTRAPGALATE)

11210C

11220 DIMENSTION X1¢1)>,X2C1),Z(LP1,NP2),Y(20)

11230 DIMENST@N ED(3),XA(3),YAC3)

11240 EQUJVALENCE (EDC1),XA(1))

11250 NINT=3

11260 I51=0

11270 JF(NPl+GE«3 «AND. JC.GE.2) G& TG 15

11280C LINEAR INTERP@LATIGN

11290 NN=1

11300 1=0

11310 JF(NPl.LE.]) G@& TG 38

11320 NINT=2

11330 1S NN=MAXO(2,NP]+2-NJINT)

11340 XP=XP]

11350 NNI=2

11360 JF(IS<LE«.l «BReJS«GE.NP!) GG T@ 102

11370C TEST WHICH DIRECTION T@ SEARCH - MUST FIND THE SMALLEST
§1380C X! GREATER THAN XP, BUT WITH 7 GREATER THAN | AND LESS
11390C THAN NP] (@GR EQUAL TG NP! F@R LINEAR INTERPOLATIZN)
11400 211 NNI=IS

11410 IF(XP«LT«XI(NN1)) G& TG 101

11420C SEARCH UPWARD IN TABLE

11430 102 D@ 20 J=NN!,NN

11440 JF(XP.LE«.X1(I)) G@& TG 10

11450 20 CONTINUE

11460 I=NN

11470 Gg T6 10

11480C SEARCH D@WNWARD IN TABLE

11490 101 D6 21 J=2,NNI

11500 IT=NN1=J+]

11510 IF(XP«GTX1(I)) GG TO 11

11520 21 CONTINUE

11530 I=1

11540 11 I=71+1

11550 10 SPAN=1.0E~06*XP

11560 NN=0

11570 DG 12 J=1,NINT

11580 NNi1=T+J-2

11590 ED(J)=XP-X1 (NN!)

11600 12 IF(ABS(ED(J)).LE.SPAN) NN=NNI

11610 JF(NN.EQ.O) G@ T& 90

AI-AEC-13098
49



INTRP2 CONTINUED

11620
11636
11640
11650
11660
11670
11680
11690
11700
11710
11720
11730
11740
11750
11760
11770
11780
12000
12010C
12020C
12030C
12040C
12050C
12060C
12070C
12080C
12090C
12100C
I12110C
12120C
12130C
12140C
12150C
12160C
12170C
12180C
12190
12200
12210
12220
12230C
12240
12250
12260
12270
12280
12290
12300
12310
12320C

38
40

90

92

93

g0

15

DB 40 K=1,NP2

Y(K)=Z (NN, K)

FUNCT2=FUNCT!1 (X2, Y,NP2,XP2,1S581,IC)
G¢ T¢ 80

D@ 93 J=1,NINT

NNI=J+J=-2

DZ 92 K=1,NP2

Y(K)=Z(NNI1,K)

YAC(J)=FUNCTI (X2, Y,NP2,XP2,1S51,1C)
XAC(J)»=X1 (NNI1)

NN1=3

JF(NINT.LT.3) NNI1=2

IS1=0
FUNCT2=FUNCT] (XA, YA, NNI1,XP,JS1,IC)>
IS5=1

RETURN

END

FUNCTIGBN FUNCTI(X,YsNP,XPJI,JS,71C)

FEBRUARY 4, 19«
THREE P@INT LANGRANGITAN INTERPBLATIZN
BR

TWE@ PGINT LINEAR INTERPELATION
X = ABSCISSA ARRAY

(MUST BE JN ASCENDING GRDER IN ARRAY)
Y = @GRDINATE ARRAY
NP = LENGTH OF X & Y ARRAYS
XPJI= VALUE @F ABSCJSSA FOR INTERPGLATI®N
1s REMEMBERS PLACE IN TABLE (MUST BE SET T@

ZERG BEF@RE FIRST CALL T@ FUNCTI@N)
1c CEZNTRBLS JNTERPELATION METH@D:
] FBR LINEAR INTERPBLATIGN
2 FZR LAGRANGJAN INTERPGLATIGN
FUNCT] SET TG CORRESPZNDING BRDINATE VALUE
(FUNCT! WIJLL EXTRAPOLATE)

DIMENSTIBN X(1), Y(1), ED(3)

EQUIVALENCE (EDC1),El), (ED(2),E2), (ED(3),E3)
NINT=3

IF(NP+GE«3 +ANDe JCeGE.2) G& T@ 15

LINEAR INTERP@LATIGN

NN=1

1=0

JF(NP.LE«]) G& TO 38

NINT=2

NN=MAX0(2,NP+2-NINT)

XP=XP]

NN1=2

IFCIS.LEs] oBRe IS.GE.NP) GG TG 102

TEST WHICH DIRECTION TG SEARCH - MUST FIND THE SMALLEST
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INTRP2 CONTINUED

12330C X GREATER THAN XP, BUT WITH |7 GREATER THAN | AND LESS
12340C THAN NP (0GR EQUAL T@ NP FOBR LINEAR INTERPOLATIGN)
12350 211 NNI=JS

12360 JF(XP«.LT«X(NN1)) G& T8 101
12370C SEARCH UPWARD IN TABLE

12380 102 D@ 20 I=NNI,NN

12390 IF(XP.LE«X(I)) G& T@8 10

12400 20 CONTINUE

12410 I=NN

12420 Gg To 10

12430C SEARCH DOWNWARD JN TABLE

12440 10! D@ 21 J=2,NNI

12450 T=NN1=J+}

12460 JF(XP«GT«X(I)) GG TG 11

12470 21 CONTINUE

12480 I=]

12490 11 I=7+1

12500C INTERPBLATE FOBR FUNCT! IN Y-TABLE C@RRESPONDING T@
12510C XP IN X-TABLE USING THREE P@INT LAGRANGTIAN
12520C INTERPOLATIGN SCHEME

12530 10 SPAN=].0E-06%XP

12540 NN=0

12550 D8 12 J=1,NINT

12560 NNI=T+J=-2

12570 ED(J)=XP-X(NN1)

12580 12 IF(ABS(ED(J)).LE.SPAN) NN=NNIJ
12590 JF(NN.EQ.O) GG TG 90

12600 38 FUNCTI=Y(NN)

12610 G TG 80

12620 90 El12=X(TI=1)=-X(CI)

12630 IF(NINT.EQ.3) G@ T@ 360

12640 FUNCTI=YC(I)=(Y(J)-Y(I=-1))%E2/E12
12650 G@ Te 80

12660 360 EI3=X(I=1)=-X(T+1)

12670 E23=X(I)-X(T+1)

12680 36 FUNCTI=Y(I=1)*E2%E3/(E12%E]13)
12690& -Y(I) *EI*xE3/CE12%E23)
127004 +Y(J+1)%E1%E2/(E13%E23)
12710 80 IS=1

12720 RETURN

12730 END
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AXDAT

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
4560
470
480
490
500

10,

85,

16,0,

«9552, «9352,

1.638,1.,

25,2900,98, «933,0,

14750415204125,24+5,20800,

«0015,.+001550,0,0,

«0015, «0015,0,0,0,

«+0015,0015,0,0,0.,

0,100000,0,0,0.,

0,4383,8766,13149,17532,21915,26298, 30681,

35064,39447,43830,48213,52596,56979,61362,65745,

70128,74511,78894,83277,87660,
0,8766,2191.5,4383,8766,13149,17532,21915,26298,
30681,35064,39447,43830,48213,52596,56979,61362,

65745,70128,74511,78894,83277,87660, 92043, 96426,

«01,405,2000,

«00125,.006,2000.,

«01,.05,2000,
1120,1125,11345114651161,113177,1192,1207,1219,1228,1233,
1122,1129,1140,1154,1170,1186,1202,1215,1226,1232,123S5,
1138,1171,1204,1235,1260,1280,1293,1296,1289,1274,1251,
1135,1163,1191,1218,1241,1260,1272,1277,1275,1265,1248,
1122,1130,1143,1158,1174,1190,1206,1219,1228,1234,1235,

O' l 2 .004.’
0¢3150e659,0496051193,1¢339514389,1¢339,1.193,0.960,
0.659,0.310,

9.047,

10.797,

"004341

« 02697,

«09352,

3,

19,

«31, o

«00186,

« 00163,

« 00093,

« 00037,

.04,
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Sl

100
110
126
130
140
150
160
170
180
190
200
210
20
230
240
250
260
270
280
290
300
310
320
325
330
340
350
360
370
380
390
400
410
420
430
440

35,

1,

1,
.Ol:
1.

1,
«014,
2380,
«01,
2380,
.01.:
1.0,
00051
« 03576,
«1519,
«316,
o,

3
--041
2ed5
«0208,
1.0,
20,

5,

« 007,
754,
576506,
~27000.,
=1,
«102,
«0015,
O,
1200,
90,
110,
1,
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